This paper reports upon a study of the characteristics of the receptive surfaces of angiosperm stigmas, covering almost 1000 species of about 900 genera of some 250 families. In both monocotyledons and dicotyledons the major subdivision is into those stigmas which are 'dry' at maturity, having a hydrated, proteinaceous extracuticular layer or pellicle but no free-flowing secretion, and those which are 'wet' bearing such a fluid secretion when in the receptive state. Further subdivision may be made talcing into account the nature of the surface cells-whether or not the receptive surface is papillate or smooth, and if papillate, whether the papillae are unicellular or multicellular. When the genera are classified according to these criteria, various taxonotnic regularities emerge. Many families are homogeneous in stigma type, but some prove to be diverse. Among these are families such as the Liliaceae, a fact that may have phylogenetic significance.
INTRODUCTION
The detailed structure and functions of the receptive surface of the angiosperm stigmathat part specialized for the receipt and early nurture of the male gametophyte-have been relatively neglected through much of the present century, notwithstanding the intense interest of many earlier investigators. In 1824 Amici made his pioneer observation of pollen grains germinating on the stigma of Portulaca oleracea, and in the same year Raspail (1824) used stigma features in a classification of the genera of the Gramineae, taking into account both the form of the stigma lobes and the presence or absence of papillae. Hartig (1842) noted that some stigmas carried 'absorbent hairs' or papillae, as in Matthiola, Glaucium, Capsella and Clarkia, whereas other stigmas appeared naked or destitute of hairs but secreted a 'mucous' covering {Petunia, Nicotiana, Atropd). Capus (1878) made a careful study of the anatomy of the style and stigma in relation to the path taken by the pollen tubes, and noted many important features of the stigmatic surface, observing such differences as the presence or absence of simple (unicellular) or compound (multicellular) papillae. Capus also distinguished between species with a dry stigma surface and those with a wet surface, where the papillae were often necrotic at maturity, a distinction later emphasized by Burck (1902) , according to Konar and Linskens (1966) . The transmitting tracts of the style were included in Capus's studies, and he noted a further distinction here.between those species with a distinct stylar canal and those with a solid style.
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A major comparative study of the stigma surface and stylar transmitting tract was published by another French botanist, Gueguen (1900 Gueguen ( -1902 ) who examined species of over one hundred genera of apetalous and gamopetalous dicotyledons, as well as some monocotyledons, belonging to some fifty families. Following Gueguen interest declined, and for much of the present century botanists have been preoccupied with the gross features of the style and stigma in relation to taxonomy and pollination biology, largely ignoring the earner detailed anatomical work. In consequence, general botanical texts of the last seventy years have had little to say about the pollen-stigma interaction or the life of the male gametophyte after its capture, while often devoting many pages to flower morphology and pollination mechanisms.
The current revival of work on the stigma has resulted from interest in its function and that of the transmitting tracts of the style in relation to the control of breeding systems, notably in connection with self-incompatibility. Vasil and John (1964) published a valuable comparative study of the surface features of stigmas and the subsequent path of the pollen tube in seven species belonging to six families. Kroh (1964) gave the first ultrastructural account of the stigma surface and pollen-tube penetration for Brassica oleracea, confirming and extending many of the light-microscopic observations made earlier on another cruciferous genus, Cardamine, by Christ (1959) . The stigma surface and transmitting tracts of Lilium have been investigated by Rosen (1964) , Welk, Millington and Rosen (1965) , Rosen and Thomas (1970) and Dashek, Thomas and Rosen (1971) , and other recent studies include those of Konar and Linskens (1966) on Petunia; Dickinson and Lewis (1973a, b) on Raphanus; Dulberger (1974) onLinum and Dulberger (1975) onPlumbaginaceae; Dickinson and Lawson (1975) on Oenothera; Mattsson, Knox, Heslop-Harrison and HeslopHarrison (1974) on Raphanus; Heslop-Harrison, Knox, Heslop-Harrison and Mattsson (1975) on various Cruciferae and Caryophyllaceae; Heslop-Harrison, Heslop-Harrison and Barber (1975) on various families; Pettitt (1976) on Thalassia and Thalassodendron; J. Heslop-Harrison (1976) on Malus and Prunus and Y. Heslop-Harrison (1977) on Crocus.
The recent work has shown that the pollen-stigma interaction is a complex one, and has indicated that the stigma surface may play a vital part in controlling interspecific hybridization and regulating compatibility relationships within species. The structural and physiological features of the pollen-capturing surfaces vary considerably between families and sometimes even within families, and these characteristics often prove to be related to the operation of the breeding system. Accordingly the comparative morphology and physiology of stigmas merit investigation in their own right for the light they can throw on important aspects of reproductive biology. In this paper we present a general analysis of angiosperm stigma surfaces and a classification based on that proposed by J. HeslopHarrison (1975a HeslopHarrison ( , b, 1976 ; see also Heslop-Harrison, Heslop-Harrison and Barber, 1975) . In the course of the work the features of the receptive surfaces of the stigma have been studied in nearly 1000 species of about 900 genera of some 250 families, so that it is likely that the spectrum of variation has been covered reasonably well. The survey is therefore sufficiently comprehensive to permit certain general conclusions to be drawn. In particular it has been possible to assess the significance of features that relate to the capture, recognition, selection and control of germination of pollen at the stigma surface. Such adaptations have obviously been of great importance in the evolution of the angiosperms, and some of the evolutionary and phylogenetic implications are briefly discussed.
MATERIALS AND METHODS
Flowers at anthesis and in various stages of development were collected from plants held by the Living Collections Division of the Royal Botanic Gardens, Kew. In protandrous species it was usually necessary to remove the anthers before they dehisced, and the clean stigmas uncontaminated by captured grains were then allowed to mature in the laboratory until they were in a fully receptive state.
The preliminary survey of the fresh stigmas was made with a binocular dissecting microscope, and more detailed features were examined after mounting whole or part of the tissues in phosphate-buffered sucrose (005 M, pH 7-2) of an appropriate tonicity to maintain the form of the stigma papillae.
Earlier indications that the receptive surfaces in all types of stigmas almost invariably show cytochemically-detectable esterase activity (Mattsson, et ah, 1974; Heslop-Harrison, et al., 1975) were confirmed during the present study, and indeed it ultimately became apparent that the pollen-capturing sites could actually be identified by such activity in styles of complex form with non-receptive trapping or brush hairs and other elaborations, or where, as for example in Castanea, only a very few cells are receptive. For the localization of esterase activity, the method of Pearse (1972) was used, with a-naphthyl acetate as a substrate in a coupling reaction with Fast Blue B salt. Controls were run without substrate.
Characteristics of the cuticle of the cells of the receptive surfaces were observed after staining in the fluorescent dye, auramine O (Y. Heslop-Harrison, 1977) , made up at 0-01 per cent in phosphate-buffered sucrose of appropriate tonicity. Surface lipids were found sometimes to obscure certain features of cuticular patterning, and comparisons were therefore made of stained fresh stigmas with those previously rinsed with ether: methanol (1/1, V/V). Observations were made with the Vickers Photoplan system with incident illumination, using Vickers exciter filter No. 1 and barrier filter No. 3. With this combination the clear yellow fluorescence of the cuticle can readily be distinguished from the greenish fluorescence of cytoplasm and the lipidic components of the surface secretions of wet stigmas.
Stigmas for scanning electron microscopy were mounted in the fresh state in a slowdrying glue and observed without coating (Y. Heslop-Harrison, 1970) .
The families in Table 3 are numbered according to the Kew List, used in the Herbarium of the Royal Botanic Gardens, Kew, and also by the British Museum, Natural History. The nomenclature of the families follows the Kew List, with the principal synonyms from Rouleau (1970) .
The full list of species studied has been deposited in the Library of the Royal Botanic Gardens, where it is available for consultation.
CLASSIFICATION OF STIGMA TYPES

Classificatory categories
Taxonomically speaking, the stigma surface is as variable as other morphological features of the flowering plant, and even closely related species rarely possess identical characteristics. However, the survey has shown that the types encountered can be classified relatively easily into the broad groupings set out in Table 1 .
The principal subdivision is into stigmas of the 'dry' type, with little or no surface secretion at maturity, and the 'wet', where a distinct surface secretion is present, with a free fluid surface. In the latter group, the secretion may be copious enough to appear as a distinct globule. As a simple rapid test, a stigma may be characterized as 'wet' if when in the receptive state the secretion can be printed clearly onto a dry, non-absorbent surface.
Within the 'dry' and 'wet' categories, the taxa can be classified according to the form or disposition of the surface cells, which morphologically speaking belong to the epidermis. Where the stigma surface is relatively smooth, the bounding cells are referred to as 'surface receptive cells'. This then reserves the term 'papilla' for use in its proper botanical sense to refer to those single or grouped stigmatic receptive cells which stand significantly free from each other for some of their length above the general level of the stigma surface.
The dry stigma types are further subdivided. Group I accommodates the plumose form characteristic of most Gramineae, where there are discontinuities along the receptive surface {Dactylis glomerata, Plate 1A, B). Group II includes those stigmas where the receptive surface is concentrated into distinct ridges, zones or heads. The receptive surfaces of Group Further subdivisions of the dry, multicellular category would be possible, but such refinement is unnecessary for the present purposes. One type of variation may be noted, however : namely the potential for branching. Both uniseriate and multiseriate papillae may be branched or unbranched, and where branching occurs the form may be quite complex. Examples are found in Epilobium (Onagraceae), where the papillae are uniseriate with occasional branches, and Aechmea (Bromeliaceae), where the multiseriate papillae are regularly branched.
Among the wet stigma types two main categories may be distinguished, Group HI bearing a receptive surface consisting of low to medium-length papillae or with a marginal fringe of long papillae, and Group IV where the receptive surface is essentially non-papillate, the secretory cells being flat or only slightly bullate. Wet-stigma types of Groups HI and IV commonly occur in markedly protandrous flowers, and in these the stigma surface at anthesis may appear dry. This is the situation in many Liliaceae and Bromeliaceae, where the stigmas in freshly opened flowers could be misclassified as dry papillate, Group EEB. At a later stage, however, the stigmatic lobes may open out further and then a copious secretion appears and the papillae become partially inundated. A developmental sequence showing this change is seen in Plate 4A, B and c, of the progressive accumulation of secretion product mLonicerapericlymenum. In this case the secretion is released near the base of the papillae more or less simultaneously over the stigma head. The behaviour is characteristic of several genera of the Liliaceae (e.g. Hosta) and Saxifragaceae, and it has been described in Petunia (Solanaceae) by Konar and Linskens (1966) . In the Prunoideae and Pomoideae of the Rosaceae the stigmas may be wet at anthesis, but the main secretion follows later, and here the walls at the base of the papillae show the internal ramifications of the transfer-cell type commonly found in secretory tissues (J. Heslop-Harrison, 1976) . It is noteworthy that in all of these examples the surface cells are disrupted during the emission of the secretion, and are therefore moribund or dead when the stigma surface is fully receptive. In stigmas of Group IV with non-papillate or only slightly raised cells the secretion is released simultaneously over the whole surface, often forming a large globule (Heracleum mantegazzianum, Plate 4F,G). Again the surface receptive cells may be moribund at maturity, as in Oenothera organensis (Dickinson and Lawson, 1975) . In certain species with wet stigmas a stylar canal lined with glandular hairs is present, as in some Liliaceae and Bromeliaceae. These cells secrete as the stigma reaches maturity, and may produce a copious outflow which wells up to join the surface secretions. A stylar canal is found in dicotyledonous families such as the Ericaceae, but here the cells lining the canal do not seem to make a major contribution to the stigma surface secretion, which is derived mainly from the surface papillae, as in Calluna vulgaris (Plate 4D, E). Cells of the transmitting tract of species with solid styles secrete into the intercellular spaces, but there is no indication that the secretion can ever reach the stigma surface.
Interestingly, detailed study of the wet-stigma species of Group III showed that here, as in the dry-stigma category Group IIB, the papillae may be unicellular or multicellular, and the multicellular types may be uniseriate or multiseriate. A further subdivision could be sought on this basis, but it was deemed unnecessary in the present survey.
In considering the validity of the classification adopted here one must of course be aware that, as in most biological classifications, the subdivisions are to some extent arbitrary since it is a continuum that is being treated. The recognition of 'dry' and 'wet' classes is convenient and undoubtedly acknowledges a very important functional distinction, but the two categories do intergrade. The secretion of the wet-stigma type is often conspicuously apparent to the naked eye, or, when present in smaller quantities, is readily seen with the jnicroscope, without preparation. But sometimes it may be restricted to the interstices between the papillae, to be detected, often as a viscous emulsion, only after staining; and 
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3 (4) 11 (12 then again it may form no more than a thin, generally dispersed layer, doubtfully distinguishable from the thin hydrated proteinaceous secretions forming the pellicle invariably present on stigmas of the dry type . In the latter case, reference to other species or genera of the same family will, nevertheless, often indicate which category is appropriate.
Classification of genera and families of monocotyledons and dicotyledons according to stigma type
Tables 2A and B list the genera in each family of the monocotyledons and dicotyledons investigated, classified according to the criteria of Table 1. Tables 3A and 3B provide a breakdown of the families, listed alphabetically, showing the numbers of genera and species studied and their allocation to each stigma-type category.
INTERPRETATION AND DISCUSSION
Consistency of stigma type within taxa
In both monocotyledons and dicotyledons stigma type proves to be remarkably consistent at specific and generic levels, and even at family level there can be a high degree of uniformity. With experience, it is often possible to recognize and place any particular species within its genus or family by reference exclusively to stigma features, a surprising outcome not anticipated at the outset of the study.
Thus in the monocotyledons 30 genera of Iridaceae examined all possessed dry stigmas with papillae of a disposition and shape quite characteristic of the family, and the same was true in the dicotyledons for 22 genera of Cruciferae. Families, e.g. the Gramineae and Malvaceae uniformly possessed dry papillate stigmas, although in these instances there was greater variation in papilla form. Among the wet-stigma types, all of the Orchidaceae and all of the Leguminosae examined showed common family characteristics. Such consistency often extended to Englerian orders, so that all 19 genera of the Zingiberales studied, belonging to some 6 families, were wet, as were 3 three families of the Ericales, comprising 21 genera of Ericaceae, 2 of Epacridaceae and 2 of Pyrolaceae.
Apparent inconsistencies
Notwithstanding the good correlations often found between stigma type and taxonomic position, many noteworthy inconsistencies were also encountered. Thus several families proved to be heterogeneous, having some genera with wet stigmas and some with dry. Striking examples of this were the Liliaceae, Amaryllidaceae, Onagraceae and Rosaceae.
Examples of inconsistency within genera were also met, notable instances being Magnolia, Fuchsia, Viburnum, Viola and Saxifraga. In the case of Magnolia, usually accepted as a relatively primitive genus, the receptive surface consists of the infolded margins of the carpel wall, there being no clear distinction between 'style' and 'stigma'. The receptive surface is roughened by small proliferations, forming in effect multicellular, multiseriate papillae [Group HB «(b) in the classification of Table 1 ]. The papillae bear a true pellicle with dispersed esterase activity, but there is no fluid secretion. Five of the species examined bore papillae of this type, but in one, M. g/-a/u#/?ora, unicellular [Group HBO)] papillae were present towards the summit of the carpel, suggesting the beginning of specialization and indicating how a trend towards the simpler type of papilla might be initiated.
In the genus Fuchsia it was found that five species had 'wet' stigmas, and all early indications were that this type would characterize the genus. However, a later sample of F. thymifolia HBK subsp. minimiflora (Hemsley) Breedlove appeared to have dry stigmas. According to Dr P. R. Raven the species is gynodioecious, but the apparently bisexual flowers of some individuals are functionally staminate and never bear fruit. It seems that in 44 the plants examined the stigma was non-functional, and that female sterility was probably due to the lack of secretion. In another gynodioecious Fuchsia species, F. encliandra Steudel subsp. encliandra, the functional female flowers were indeed found to have wet stigmas conforming to the usual type found in the genus. It seems possible that female sterility may arise in a somewhat similar way in Viola and Viburnum. Most of the species of these genera examined had wet stigmas, but some of the clonally propagated and probably femalesterile cultivars had dry stigma surfaces. In another example of intergeneric heterogeneity, no such explanation is readily to hand. Fourteen species of Saxifraga were found to have dry papillate (Group IIB) stigmas, but S. pennsylvanicvm proved to have wet papillate (Group III) stigmas. However, the family Saxifragaceae as a whole is of a mixed stigma type; three genera studied had unequivocal dry papillate stigmas and six wet papillate.
Heterostyly presents a special case because of the variation in stigma character within species associated with the specialized breeding system. Heterostylic species in the families Lythraceae, Linaceae, Plumbaginaceae and Primulaceae were found to show distinctions of stigma surface with the different morphs sometimes sufficiently unlike as to be classifiable in adjacent subcategories. Thus in Armeria andLimonium both types of stigma are dry, but one has no more than a bullate surface (Group IIA), while the other bears distinct unicellular papillae [Group IIB (/)]. Instances of families with heterostylous species have been marked in Tables 2 and 3 by asterisks. No doubt further inconsistencies within genera could be found were the study to be extended, but in actuality those encountered in the survey so far serve mainly to emphasize the remarkable consistency of stigma surface type as a generic characteristic since most exceptions are so obviously related to special situations.
Some taxonomic andphylogenetic implications
Among the monocotyledons, the Zingiberales form a relatively unified group in respect to stigma type, as also do the families Iridaceae, Typhaceae, Juncaceae and Cyperaceae. In contrast, certain families, notably the Liliaceae and Amaryllidaceae, are heterogeneous, with genera of each type. Further subdivision of the Liliaceae does not clarify the situation, for the genera within the Alliaceae are mixed, as is also true for those retained in the Liliaceae. Perhaps the diversity is related to the primitive status usually accorded to this important nexus.
Among the dicotyledons various interesting regularities emerge. A few examples are as follows.
(1) The genus Paeonia, at one time placed in the Ranunculaceae, is distinguished from all other 19 genera of the family examined in having species with a wet stigma surface. Paeonia is now accepted as being distinctive enough in several floral and vegetative features to merit segregation in a separate family, Paeoniaceae, as originally suggested by Worsdell (1908) . The Paeoniaceae are regarded by several authorities as having closer affinities with the Dilleniaceae than with the Ranunculaceae (Corner, 1946; Nakai, 1949; Takhtajan, 1966; Cronquist, 1968) , and strikingly enough the Dilleniaceae also have wet stigmas.
(2) The genus Nolana, at one time associated with the Convolvulaceae, is now usually placed in the Nolanaceae, accepted as having affinities with the Solanaceae. It shares the wet stigma character with the latter family, whereas all species of the seven other genera of Convolvulaceae examined have dry stigmas.
(3) A further example is that of the Acanthaceae. Here 11 genera possess dry stigmas, many being non-papillate. However, four of the species of Thunbergia examined have wet, papillate (Group HI) stigmas. Thunbergia has been separated in a subfamily (Thome, 1968) .
or placed in a distinct family, Thunbergiaceae (Rouleau, 1970) . The family may have some i links with the Bignoniaceae (Willis, 1968) , which is also characterized by having genera with wet stigmas.
(4) The ten genera of Papaveraceae (including Hypecoaceae) examined all possessed dry stigmas, whereas the five genera of Fumariaceae were all wet, a correlation supporting the separation of the latter family.
(5) Similarly the Lobeliaceae examined had wet stigmas whereas the Campanulaceae have, characteristically, dry stigmas, again a correlation supporting a taxonomic subdivision.
(6) The genus Heliotropium stands rather apart from others placed in the Boraginaceae, and has been placed in a subfamily, Heliotropideae, by Thome (1968) . The distinction is seen in stigma character; Heliotropium is wet, papillate (Group III), while the other genera are dry, papillate (Group II).
(7) Within the Umbellales, Hegnauer (1971) reported chemical affinities between the Umbello-Aralian group and the Pittosporaceae, and it is interesting to note that the Umbelliferae, the Pittosporaceae and some genera of the Araliaceae also share the characteristic of having wet stigmas. Rodriguez (1971) , in discussing the relationships of the Umbellales, describes them as a 'flabellate cluster of advanced taxa originating from a common area near Escallonia, encompassing the Rhizophoraceae and relating in some degree with the Rutaceae, Sapindaceae, Caprifoliaceae, Pittosporaceae and Compositae.' In respect to the link with Escallonia, there is agreement in the possession of wet, nonpapillate (Group IV) stigmas, and the character is found in Sapindaceae and Pittosporaceae. Caprifoliaceae are wet, papillate (Group TV); Rutaceae diverse, with both 'wet' and 'dry' genera, and Compositae all dry, mostly distinctly papillate. Rhizophoraceae have not been examined.
Characteristics of the stigma have scarcely been accorded any significance in taxonomic andphylogenetic studies hitherto, but consideration of the regularities which haveemerged in the present work strongly suggests that they could well be added to the list of criteria to be taken into account, much in the way that features of the pollen have in recent years.
Stigma type in relation to incompatibility system
In recent work on the physiology of self-incompatibility (SI) systems in flowering plants relationships between stigma characteristics and the type of mechanism involved have been noted (J. Heslop-Harrison, 1975a; Heslop-Harrison, Heslop-Harrison and Barber, 1975) Thus the families known to have sporophytic self-incompatibility (SSI) systems belong to stigma Group IIB (i), dry papillate, the principal examples being the Cruciferae and Compositae. Here the behaviour of the pollen is determined by the genotype of the pollen parent, and not by the genotype of each individual grain. On the other hand, in genera with gametophytic self-incompatibility (GSI) systems, where pollen behaviour is determined by the gametophytic (haploid) genotype, the stigmas are usually of the wet type. Typical GSI genera occur in the Solanaceae, Leguminosae, Liliaceae, Rosaceae and Onagraceae. The correlation is broken in the Gramineae, where a GSI system functions with a dry (Group I) stigma.
Brewbaker (1957, 1967) , in surveys of pollen cytology and self-incompatibility systems, pointed out certain correlations between characteristics of the pollen and pollen tube and the prevailing SI system. In general, the pollen is binucleate in GSI plants, with the inhibition of the tube occurring in the style or even ovary in incompatible pollinations, whereas the pollen of SSI plants is trinucleate, with the inhibition at or near the stigma surface in incompatible combinations. It is therefore of some interest to relate stigma type to pollen cytology, and this is done in Tables 4A and B , where the families of the monocotyledons and dicotyledons are grouped according to wetness or dryness of stigma and the bi-or trinucleate condition of the mature pollen grain. Within the monocotyledons, three unequivocal conclusions can be drawn:
(1) binucleate pollen occurs in association with both wet and dry stigmas; (2) all wet stigma forms have binucleate pollen; (3) all trinucleate forms have dry stigmas. For the dicotyledons, the trend is similar, but not so clear cut:
(1) binucleate pollen occurs in association with both wet and dry stigmas, c. 67 per cent having dry and c. 25 per cent wet, the remaining families having genera with each; (2) most wet stigma forms (61 per cent) have binucleate pollen, although 17 per cent have trinucleate grains; (3) most trinucleate forms (68 per cent) have dry stigmas, although 27 per cent have wet. The relationship between SI system, where this is known, and pollen type, worked out by Brewbaker (1957 Brewbaker ( , 1967 , is clear cut enough to allow extension to take in stigma characteristics using the data of Tables 4A and B. However, in addition one may now take into account work on the physiology of SI systems. In the Compositae and Cruciferae, the response is mediated by sporophytically-derived materials carried in the pollen wall (reviews, J. Heslop-Harrison, 1975i, c) , and the interaction is with individual stigma papillae. A system of this kind, involving cell-by-cell interaction with rejection responses on both pollen and stigma sides, could obviously not be operated on a wet stigma particularly where the surface cells are necrotic, but could only function with a dry stigma where single stigmatic cells tend to encounter single pollen grains, or at the most very small numbers (Heslop-Harrison, Heslop-Harrison and Barber, 1975) . The adaptive significance of the papillate form of the surface cells may also be surmised. Not only does this increase the capturing area, a function already suggested for stigma hairs by earlier workers, but it reduces the opportunity for interaction by ensuring that pollen surface materials cannot be distributed too freely on the stigma surface from individual grains or small clumps. In the crucifers, a papilla is prevented from further function by encounter with the wall materials from incompatible pollen (Dickinson and Lewis, 1973ft; Heslop-Harrison, Rnox and Heslop-Harrison, 1974) , but the fact that the receptive zone of each is at the tip with the tips held apart helps to prevent the passage of materials from one to another and so conserves the functional area of the stigma. Bearing these points in mind, one can pick out from Table 4 other obvious dry-stigma, trinucleate candidates for families where an SSI system might operate.
Correspondingly, the families listed in the wet-stigma, binucleate category and certain genera from binucleate-pollen families with mixed stigma types would be likely to have GSI systems, if self-incompatibility exists in them at all. In most investigated GSI genera, the general rule is that both compatible and incompatible pollen germinates in the stigma surface fluid, the rejection of incompatible gametophytes occurring in the passage through the style, and not on the stigma surface. Self-sterility has been reported in various species of wet-stigma, binucleate-pollen families listed in Table 4 apart from those in which the genetics of the SI system have been worked out, and it would seem a reasonable surmise that in all such cases the system will prove to be a gametophytic one.
Notwithstanding the regularities that are apparent, several of the categories of Table 4 remain enigmatic in respect to the relationship of pollen type, stigma type and SI system. Clearly the large group of dicotyledonous families with binucleate pollen and dry stigmas would now well repay further genetical and physiological study. Several are known to have genera with SI systems, and where these have been investigated genetically, they have appeared to be of the gametophytic type, as for example in the Ranunculaceae (0sterbye, 1975) . Physiologically these must differ from the more fully investigated GSI genera with wet stigmas, and it is perhaps significant that the genetical control is of a complex type comparable with that of the Gramineae, where inhibition of incompatible pollen occurs at or near the stigma surface which is dry (Group I). Similarly, in the Papaveraceae the recent work of Lawrence (1975) strongly suggests gametophytic control; here there seems no doubt that the inhibition of incompatible grains occurs on the dry stigma surface as in SSI systems.
Stigma type and pollen germination and tube growth in vitro
The listings of Tables 3 and 4 reveal a further correlation. It has long been known that binucleate pollen is more readily germinated in vitro than trinucleate, a fact commented upon by Brewbaker in his pioneer study (1957) . Generally speaking, liquid or semi-liquid media are used in pollen germination trials, and in these the grains of species with trinucleate pollen either fail to germinate or burst prematurely, depending on tonicity. Table  4 shows that trinucleate species tend to have dry stigmas and binucleate often have wet. Binucleate pollen of wet-stigma types is presumably adapted for germination in a liquid medium, while trinucleate pollen is commonly adapted for germination on 'dry' stigma surfaces where hydration is slow and controlled. To promote its germination, the situation encountered on the stigma surface has to be simulated (Bar Shalom and Mattsson, in press) .
It seems, then, that the correlation between pollen cytology and capacity for germination in vitro on liquid or semi-liquid media is a secondary one, the primary factor being the type of stigma. One might expect all species with dry stigmas to require more specialized conditions for pollen germination than those with wet.
Conspectus
Some of the implications of this investigation of stigma types in the angiosperms have been brought out in the foregoing paragraphs, but much more remains to be done, both in extending and refining the survey itself and in tracing the significance of the various regularities that have emerged. Papilla form, size and distribution constitute topics of interest in their own right, particularly when considered in relation to pollen size and exine sculpturing. Fine structural studies of various types of stigma surface cells have shown intriguing special adaptations, notably in characteristics of the cuticle (see, for example, HeslopHarrison and Heslop-Harrison, 1975) . Comparative work on stigmatic surfaces as secretory systems has only recently begun, and much is yet to be found out about the composition of the surface exudates of wet stigmas (Martin, 1969 (Martin, ,1970 and their functions in the regulation of pollen germination.
In respect to the biology of the angiosperms as a whole, the findings so far lend weight to the view that the development and refinement of the siphonogamous system of fertilization and the pollen-stigma interactions which it involves have been vitally important parts of flowering-plant evolution, governing fundamental aspects of the breeding system and so affecting the capacity for variation and adaptation within the group as a whole.
We propose to take up these topics in further publications.
